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L SECTION I

. OINTRODUCTION

i, I.BACKFGROUN D

Some o)f ihl mo.t advanced versions of the H,3neywell Integrated Helmet Sight

and Display (IHMS/D) system projoct , colýrimated CRT image directly onto a

parabolic visor rather than a combining g!ass. To minimize optical distortion,

the pencil of rays is reflected back from the visor twice before entering the

eye by means of a central mirror located in the observorl s upper field of

view. In addition, small opaque areas are iocated in the upper field of view

to minimize contrast loss due to incoming stray rays of light which may

accidentally enter the optical path. Ideally, the observer' s visusi field should

be totally unobstructed except for that portion where dats and imagery are

displayed. Since this may not be possible, the present study was conducted to

determine if such oostr,•ctions would actually interfere with the pek-tormance

L of selected visual tasks.

STATEM'ENT OF TIIE PROfLiU'M

Of the many potential uses of the TIIMS/D considered (llughes et al. 1969.

Cohen QJa. , 1972; Jacobs et aW. , 1971). the iir-to-air combat mission was

identified as one of the most significant. In this mission, tht pilot must not

only maneuver his aircraft to the most advantageous position to avoid enemy

missiles and automatic canion fire, but must also cl. e with an destroy the

enemy aircraft. In the direct-fire situation, he must maneuver the aircraft

S•,• that he can place a symbol projected on his visc over the target. The

pilot's line of sight is therefore directed at a single target, and en); additional

targets entering his field of view must be detected peripherally before he can

[ direct his attention to them and determine their threat potential. If portions

F4001 -ftSIR I
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of the pilot's upper field of view are obstructed, his peripheral vision might

be degraded in a way which would prevent the detection of other targets until

it was too late. Similarly, if both the r Ilot's line of sight and his attentior

were directed downward and into the cockpit, the. detection of euemy aircraft

might be more difficult if his peripheral vision were obstructed. On the

other hand, if the pilot's attention wore drawn to an approachirg aircraft by
a warning light in his foveal field of view, he could quickly shift his attention

(and his foveal field of view) to the appropriate position for recognizing the

aircraft as friend or foe.

HYPOTHESES

The above discussion described the relative roles of central and peripheral

vision in the dcetection of targets located above the pilot's normal line of sight.

Persumably, "directed search" would cause the pilot to look in the general

target area and thus deteet targets with his central vision. Alternatively,
if he were not directed to look in the target area ("undirected search"), he

would have to rely on his peripheral vision to detect targets. With this

distinction between directed and undire-cted search in mind, it was hypothesized

in the present study that visors with obstructions in the upper field of view

would interfere with target detection tasks in which the observer was not
looking upward toward the target area, but must instead rely on his peripheral

vision to detect targets. Furthermore, the amount of task interfc. ence would

be proportional to the amount of upper field-of-view obscuration. On the other

hand, if the observer were forewarned that a target was about to appear, he

would direct his attention (and his foveal vision) toward the target area. In

this case, it was hypothesized that the obstructions would have no effect on
target detection since they would be out of his foveal field of view. In statis-

tical terms this means that if the field-of-view obstructions differentially

affect visual performance in the predicted manner, there will be significant

treatment effects for visors and tasks, and for the visor by task interaction.

The predicted relationships are shown in Figure 1.

F4001 -HSR1
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Sthat if the field-of-view oustructtons differentially ar At visual performance

in the predicted manner, •hero will be significant treatment effects for visors

j and tasks. and for the visor by task interaction. The predicted relatior.ships

are shown in Figure 1.

'1i
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AMOUNT OF OBSCURATION

Figure 1. kHypotheeized Relationship Between Visor
Obscuration and Type of Visual Task
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SECTION II
-j METHOD

L. GENERAL

t [• The experiment was designed to simulate selected aspects of the pilot's
mission and cockpit environment. The experimental situation required the

subject to detect/recognize briefly-illuminated targets (primary task) while
engaged in an in-cockpit task (secondary task). The purpose of the secondary
task was to direct and maintain the subject's central vision downward, in a

fashion similar to a pilot performing tasks that require that his Attention be

dir directed p-imarily into the cockpit area.

SUBJECTS

Nine male an-i thr-Le female university students participated in the experiment.
Subject ages ranged from 20 to 30 yeara, with k mean age of 23. All subjects

had 20/20 corrected vision wsith no significant ocular pathology, and were
paid for their participation.

APPARATUS V
Figure 2 illustrates the sequence of operation of the apparatus for the primary
ziand secondary tasks, The apparatus consisted of the components aesc•rbed

below.

A pilot's helmet was modified to accept each of- six curved acrylic visors.

Figure 3 shows this apparaivs. F~ve of the visors were occlutded by maoking

tape in ronfigurations tha' represoented possible areas of occlusicn in the

prototype helmet display. One clear visor (Visor "A'") was used as a control.

F4001-HSR1
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The primary targets consisted of I (i ceiling-niounted one-f inch black iiumerals,

numbered from I to 16 but arranged non.9equentially and superimposed on

frosted acetate. Targets were back- illuminated with 6O-watt lamps. The

target atimuli are shown in Figure 4, Targets were placed so that four

(numbers 5, 13, 11, and 15) were visible to a halbjvct in a standardized posi-

tion (aligned with a plumb-bob over his right eye, as shown in Figure 5),

while the other 12 were obscured. Thp structuwe oif the target R1ssem1bly and
the requireme~nt for prevci~e alignment of the targets precluded placement of

the targets equidistant from tile suhject's eye po~sition. It was assumied,

however, that the counte rbalantc ed order oflprestnitation of all targrets to

all subjects would elinitnate any bias attributable '.o differences in ta trget

distance. Six subjects in it pilot study showed no !wlfortmance differences

attributable to target distance.

The subject perforn-ed the experimental task using a console ot local design

which was positioned to direct his line of sight down-vard from the horizontal I
(up to a 40-degree depression argle) so that none of the targets was within his

foveal field of view, Brtefly, the subject was rcquired to divide his attention

between a- a in-cockpit (secondary) task of responding to a series of threte sets

of three lights, while at the same timie responding to a sequence of prll-laz'y

tar'gets. The console apparatus is showni in Fi-gure 6. Trhe subject pt-rformed

the E:econdary task by setting thr-ee switches to correspond t~o the wt~queinc.. of

lighti appear'ing onl the eonsole. Only One light in each of tile three sets could

appear at any one time; the total sequence was randomized. The svecrndary

task- was made more complex by thle arbitrary ordering of i'esponse switch

settings. rhat is, the order of thle switc-h sett~ings J1id not correspond A'th

the sei.ondary light positions. Again, this was done to direct the su."biect' s

vision downward and maximize his attention to thle t"in-vookpit" task.

The s~ubject responded to tile primary task by pressirIk' three of a series of

16 sequentially mounted buttons corresponding to thoe teqcgets which appearvd

oa a parti.:ular trial. P'rimary targets appeared in rac~donizt-d sequencwes of

F4001 --I ISM
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threes for two seconds, 16 times for each of the bix visors. The targets

appeared at four randon ized interstimulus intervals of 22 25, 32, and 40

seconds. Primary targets were presented in either a directed or undirected

search mode. In the undirected search mode, the subject was required to

identify the targets without any forewarning of their appearance. In the directed

search mode, a small green light mounted in the center of the console signaled

target onset. The console also contained a series of cuunters to tally subjec<

performance (number of secondary tskb completed and number of primary

targets "missed"). Figure 7 shown a subject performing the primary task.

A rack-mounted logic system of local design controlled the sequence of trial

events in the primary and secondary tasks. Since the primary target onset

was triggered by a bank of electromechanical relays, it was necessary to

mask the sound of the relays with a 60-decibel white noise so that the subject

would not learn to use these sounds as a signal to look up in anticipation of

target illumination. A further control for relay noise was provided by a

timer which cycled "dummy" relay clicks on a 0. 4 probability schedule every

30 seconds.

The dependent variables (number of correct identifications and response

latency) were recorded on console-mounted electromechanical event counters

and Hunter electronic '"Klock-Kounters" (Model 120A, series D), respectively.

PROCEDURE

The subject was seated mn a dental chair and fitted wit, the helmet using the

foam inserts shown in Figure 3 to obtain a sn g fit, The subject was then "

aligned so that his right eye was in the standardized position described in

the apparatus section and shown in Figure 5.

F i
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The experimenter then read the instructions (Appendix A) to the subject. I
When the subject both fully understood the instructions and the helmet was

properly fitted and positioned, eight training trials were given. This value

was selected because a previous pilot study showed a di3tinct leveling off of

performance by the eighth trial. Wher this was concluded, the formal data

collection began.
V\

The six subjects in the undire ted suarch group had to identify, without

warning, the appearance of primary targets while engaged in the "secondary"

in-cockpit task. The six subjects in the directed search group were given

a one-second warning (a green light) concurrent with primary target onset.

The subject responded correctly, in botn tasks. if' he identified th* primary ,1
target sequence within a five-second available response interval. This intalval

"was selected because data front a three-subject pilot study showed that target

acquisitions within various time intervals were distribuced with the majority
S! of acquisitions occurring between two and five seconds.

S The subject was incorrect if (1) he misidentified the sequence ur (2) if he took

longer than five seconds to respond. Subjects were paid 5 cents for a correct

identification and penalized 50 cents for either type of incorrect response. It

was assumed that this combination of positive and negative reinforcement J
wau'd serve to maintain a high level ct involvement among the subjects.

EXPERIMENTAL DESIGN AND DATA ANAI.YSIS

Primary targets were presented in blocks of 16. three targets being presented f
on each trial. Primary target presentations were randomized within blocks.

Appendix B details the target presentation scenario. Presentation of target

stimuli to subjects was counterbalanced across subjects. Details o" the

counterbalanced design are presented in Table 1.

F400 1 -ISR 11
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Two dependent variables were measured as a fur.ction of visor type V.-. thisJ

study. Those dtpendent variables were:

* Number of correct target identifications

0 Response latency for right and wrong target identifica ions

Parallel 6 x 2 fixed-effects analyses of variarce were perfvr.ned on data for

each of the dependent variables to test for:

* Significant differences in subject performance across

visor type

* Significant differences in subject performanc.ý, across task

• Significant interactiona between visor type und task

F01R"TI
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SECTION III

SP.RESULTS

NUMBER OF CORRECT TARGET IDENTIFICATIONS

Figure 8 presents the mean number of correct responsee (target identifica-

tions) as a function of visor type for the directed and undirected visual detec-

L• tion groups. The raw data may be found in Table C1 of Appendix C.

"The figure and the supportive analysis of variance (Table 2) indicate that

there were no significant differences between the directed and undirected

"search groups on the "number correct" measure or between visor types

for all subjects pooled. In addition, no significant interactions were found

between either experimental group and visor type.

RESPONSE LATENCY

Figure 9 presents the mean response time as a function of visor type for the

directed and undirected groups. The raw data may be found in Table C2 of
Appendix C.

The figure and the supportive analysis ol variance (Table 3) indicate that

there were no significant differences between the groups on the "response

latency" measure or between visor types for all subjects pooled. In addition,
t :i•no sil-nificant interactions were fot~nd between either experimental group and

visor type.

1'4001 -HSI1
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Table 2. Summary Table for a 6x2 Analynis of Variance Testing
for Significant Differences in Correct Responsc,

'° (Target Idetitificar,on) Across Experimental Group and
Visor Type

Source . a. f.tM. s ..

Tasks (T) 17.1 1 1.7.11

Error 227.00 10 22.70TI
Visors WV? 7.11 5 i 1.42

TXV 6.56 5 1.31

Error 91.33 GO 1.83

TOTAL 349., 11 71

:74003 -HSR I
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,5 DIRECTED SEARCH

UNDIRECTED SEARCH

4-

0 X --S
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Figure 9, Mean Response l'ime as a Function of Visor
Type for Directed and Undirected Search Groups
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Table 3. Summary Table for a 6x2 Analysis of Variance Testing for
Significant Differences in Response Latency Across
Experimental Group and Visor Type

L . . . n 1n

Source ~ ** jd. ~ j ns.L
Tasks (T) 0.52 1 0.52

L ErrorT 6.11 10 0, I1

Visors (V) 0.06 5 0.01

TXV 0.07 C 0.011:

ErrorV 1.11 50 0.02
- A!

TOTAL 71

-o ,

F0 I
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SECTION IV

CONCLU SIONS

Basically, the experimental evidence indicates that the v'.sor configurations

tested did not degrade v~sual taraet acquisition performance. It must be

empaRsized that these results do not generalize to visor configurations other

than those tested. Essentially, these resuIzs show,

1) No significant differences on performance across visor type

2) No significant differences in performance across experimental

( ttask (directed versus undirected search)

3) No significant interactions between visor typý and experimental
[Yi]|tank

SThus, w e can conclude that the visor configurations tested do not significantl4
interfere with target acquisition tasks, and presumably would not interfere

with the pilot's performance of an air-to-air combat missi,'n.

Harder to ex-plain is the finding that subjects in the directed search group,

w who were forewarned of r targets appearance, did no betzt- than those in the

undirected search group. All other conditions being the same, the undirec~cd

search task appears to be inherently more difficult, and this should have been

ren-ecied In a Significant task difference. Two 'explanations term plausible: I
1) The subjects were randomly assigned to the twc task groups,

!T. but the directed seernh group was run ferst, thus confounding
tasks with subiects. Subtle changes in the experimental environ-

ment may have occurred that irproved tLe perfm-mance of the second

F4001 -HSR i

S... . .. f• + • ,f :



4-2

group so that they did as well as the first group. This might
have been prevented if the order of presentation of task condi-

tions had been randomized rather than confounded.

2) All subjects were allowed freedom of head movement. Those

in the undirected search group could therefore minimize the

likelihood of missing a target by continually glancing up while

performing the secondary task. This could bave been pre-

vented if a head restraint, such as a "bite-bar" had been used,

but that would have added a high degree of unrealism to the-

situation.

LEARNING EFFECTS

As a side Issue. learning effects were -aso evaluated to determine if target

acqui�itIon perfor-ma"ce mpr')vcd withi practice and if there were any dif-

ferential performance changes over time for the two target acquisition groups.

A tabulation of mean rt~sponse latencies as a function of trial was performed

for the two groups. There was no apparent change in performance over 96

trials, as shown in rFigure 10. Thus, we can conclude that there was no per-

formance improvement or decrement ovvr the course of the experiment for

either target search g.•up as a function of either learning or fatigue.

1IIPLICATION FOR PUTURE HE-SiARCII .,

The present study has addressed o-i't a limited vspect of the air-to-air combat

mission; namely, a rloue-inK highly visible target in front of and slightly above

the pilot. In this case it was found that the five ocvluded visors did not

F
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Figure 10. Response Latency as a Function of
Trial
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interfere with the acquisition of these targets. There are still some unanswered

questions, however, that relate to the basic problem of obstructions i Me

pilot's field of view. These are questions of target loc#tion, dynamics, and

configuration, and also of degree of occlusion. Specifically, the issues to be

considered are:

1) Effect of targets located below line of sight and to the side

and rear of the pilot.

2) The effect of target speed and direction of movement -- targets

in the present study were static.

3) The effect of targets varying in size, shape, color, and

brightnese. The targets in the present study were large.

brightly lit. and did not vary in color and shape as targets do

in the real world.

4) How much of the pilot's field of view must be obstructed before

target acquisition performance is significantly affected? This

last point may be very critical because the Air Force has been

considering a system using a heavily filtered off-axis display*

in which a low-transmission combiner would be located below

the pilot's line of sight so that the display image would tend to

block out portions of his lower field of view.

lot 0. I
-1 a , I•,,.s 0 Il • .,. ., *• *. lip q . .. -v * o - . - 43 - - ' ,4w. O '• Q

* Personal communication - L. ,. Porterfield, IUSAF (AMIRL).
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APPENDIX A

INSTRUCTION TO STUBJECTS

INSTRUCTIONS TO SUBJECTS IN THE DETECTION GROUP

In this study we want to evaluate your ability to perform two tasks while

wearing this helmet (show HMS/D).V Here are three groups of three lights. Going from left to right, they are

1-2-3 of group one, 1-2-3 of group two, and 1-2-3 of group three. On the

console in front of you are three 3-position rotary switches corresponding to

each group. One light from each group will illuminate. Your task will be

I• to rotate the switches so that they point to the number of the illuminated light.

As soon as you have done this, push the two large black buttons simultaneously.

) (Demonstrate) If you are correct, the lights will go off and three others

will come on. This counter will keep track of the number of times you have

correctly identified the three lights. At the end of the experiment you will be
given a cash reward of 5 cents for each set which you have correctly identified,

10so it is to your advantage to work rapidly but accurately. At random intervals
I. (without warning) three of these numbered hanging signs will illuminate. Your

other task will be to determine which three aie on and to quickly press the

1. appropriate red button. These lights are on for one second and you have

only an additional few seconds to respond. For each one that you miss or if

yrou take longer than 5 seconds to respond, you will be penalized 50 cents, so you

must work quickly and accurately. You may freely Mirove *ydi-ir tIad to'6can thl e ,

lights. The sum of these three counters tells you how many you have missed.

1. Match the rotary switches to the light groups in front of you.
If you get all three correct, you get 5 cents.

I.0-S
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2. Identify the three numbered signs abo-, you when they light.

Errors or a response time greater than five seconds ,-11

cost you 50 cents.

3. Speed and accuracy are very important for both tasks -- it

is possible to make $10 or more:.

4. If you need to take a break, tell me.

5. Any questions?

6. Good luck.

INSTRUCTIONS TO SUBJECTS IN THE RECOGNITION GROUP !

If
) !

The instructions to subjects in the recognition group were identical to those
given to the detection group,, except for the following substitution, "this ''
green lit~ht will appear" for "without warning. '••I

F4001 -IXSR 1
_ _
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L Table C1. Number Correct Responses

Recognition

"Visor
t Sbjct • • B.. C' D E F

_ _ __ _ _ _

1 13 15 15 16 15 15

2 16 16 16 16 16 16

3 16 16 14 11 14 16

4 15 14 15 14 1.5 16

5 16 16 15 16 15 16

6 5 6 8 13 12 9

EX 81 82 83 86 87 88

x, 13.50 13.66 13.83 14.33 14.50 14.66

____Detection

S. Visor

Subject J,• B C D 6E _ F

7 !5 16 14 IL_6 15 16

8 15 15 15 16 14 15

9 15 1i 15 15 15 16

10 16 16 16 16 15 16

11 15 16 15 15 13 ,5

12 13 11 15 16 14, 11

Ex 89 90 90 94 86 92

X14.83 15. 00 15 00 15.66 14.33 15.33

*Control Visor
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Table C2. Mean Response Time (Seconds)

Recognition

Visor

Subject A* B CD E F•

1 2.6 3.1 2S9 2.9 2.9 2.9

2 2.4 2.4 2.5 . 5 2.2 2.4

3 2.9 2. 9 3,2 3.2 3.1 .. 8

-4.2 3.2 3.0 3.3 3.3 3.1
r m i i | n . . .:

5 2.8 3.0 2.7 2.9 3.0 2.7

6 3.8 '].8 3.8 3.5 3.6 3.6- ~•R •- -- , -- - - - ,-

,7.7 18.4 18.1 18.3 18. 17.5

3.0 3. 1 L3. 0 S.0 3. 0 2.9

Detection1 . . . .... . ... .. .
Subject A* BE

7 2.8 2.5 2. C 7 2.8 2.7

8 2.5 2.9 2 9 2.8 2.9 2.6 J

9 2.8 2.9 3.1 2..F 2.8 2.8

10 2.5 2.7 2.66 2.6,, . •. 2 6... . ..

I 1 .,.6 2.2.9 3. 3
12 3.2 3.2 2.9 2.9 3.0 3.1

17.0 16.8 17.2 16.8 17. 3 16.9

2.8 2.8 2.9 2.8 2.9 2.8

*Con+rol Visor
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